Sites > 1200 m are thought to have been near or above treeline during the last glacial maximum (Delcourt & Delcourt 1985 . Except for Mt. Rogers peaks > 1200 m do not occur North of the Virginia-North Carolina state line. The absence of high peaks and associated Pleistocene alpine vegetation causes a natural biogeographic boundary.
The regional terrain consists of typically rounded, forested summits; more rarely peaks have a rugged relief with rock outcrops present (Fenneman 1938 ). High-elevation outcrops occur on rocks that range in composition from felsics like granite, gneiss and schist to mafics like gabbro and amphibolite, all largely of Precambrian origin (Table 1) . Mafic rocks have higher iron and magnesium content and lower aluminum content than do felsic rocks, and generally weather to more fertile soils. Mafic rocks are most frequent in the northern part of the study area. Rock outcrop soils are generally lumped in the USDA classification as Entisols or Lithic Haplumbrepts (Brady 1984) .
Few meteorological stations occur on the high peaks, but available data suggest that mean annual precipitation ranges from 1270 to 2000 mm (Shanks 1954; Ruffner 1985) , generally increasing with elevation. Most precipitation comes from southwesterly winds, resulting in a southwest to northeast gradient of decreasing precipitation (Dickson 1959 ally bimodal with peaks in mid-summer and mid-winter, and a low in the autumn. Mean July temperatures are cool for the region (17 ?C at 1618 m and 15 ?C at 1991 m). Frosts occur from late September to mid May. On Grandfather Mountain, one of the region's most exposed peaks, mean wind speed ranges from 18.5 km/ hr in the summer to 33 km/hr in December, with gusts to 270 km/hr recorded (data provided by Grandfather Mt, Inc.). Although the highest peaks of the Southern Appalachians are now forested to their summits, it is likely that climatic treeline occurred near 1450 m during the full glacial (ca. 18000 B.P.; Delcourt & Delcourt 1985 ). On exposed, windy peaks the treeline is usually lower so the 1200 m sampling cutoff roughly matches the lower distributional limit of the putative Pleistocene alpine relicts. As climates warmed, treeline and true alpine vegetation moved upward, but likely persisted in the region until ca. 12 500 B.P. (Delcourt & Delcourt 1985 .
Despite the long absence of a climatic treeline, highelevation outcrops support plant species with strong alpine and arctic affinities (Wiser 1994 
Data collection
Study sites were located on 42 peaks in 11 localities ( Fig. 1) selected to maximize the number of combinations of rock type, elevation, aspect, longitude, and latitude sampled. Potential sites were identified by visual reconnaissance, searches of published and unpublished literature, aereal photographs, topographic maps, and personal recommendations. Outcrops were required to have herbaceous plant species as a prominent component of the vegetation, > 5 % of the area as exposed bedrock, and > 75 % of the area with bedrock within 20 cm of the surface. Sites ranged from large, rocky ridges and clifffaces with little forest in view and minimal shading, to protected sites at cliff bases or seepage slopes surrounded by forest and at least partially shaded. Grassy balds, severely trampled outcrops, and sites requiring technical climbing equipment were excluded from this study.
Plots of 10 m x 10 m (100-m2) were sampled for comparisons between outcrops and between localities on a given outcrop, whereas 1 mx 1 m (1 m2) subplots were sampled to examine microhabitats within outcrops. The larger plot was visually stratified into types according to vegetation height and dominant growth form (i.e. woody, graminoid, forb), and 1-2 1-m2 subplots were randomly placed within each type. Two to seven 1-m2 subplots were sampled within each 100-m2 plot, depending on vegetation heterogeneity. At both plot and subplot levels, all vascular plant species were recorded and cover estimates made by SKW using the ten-class cover scale of Peet et al. (1990) : 1 =<0.1 %; 2 =0.1-1%; 3=> 1-2%; 4=>2-5%; 5=>5-10%; 6=> 10-25 %; 7 = >25-50%; 8=>50-75 %; 9=>75-95 %; 10 = > 95 -100 %). This scale was designed to allow accurate estimation to within one class and to be interconvertible with other commonly used cover scales. A total of 154 100-m2 plots and 596 1-m2 subplots were sampled. Voucher specimens have been deposited at NCU. Plot data are available upon request.
Site parameters measured on 100-m2 plots Near the center of each 100-m2 plot, latitude, longitude, elevation, slope and aspect were determined. Topographic position was recorded as an index from 1 to 10 with 1 being the outcrop base and 10 being the outcrop summit. Percent exposed bedrock was estimated visually. Outcrops were categorized by vertical relief (1 = < 5 m high; 2 = 5-16 m; 3 = 16-32 m; 4 = 32 -64 m; 5 = > 64 m). A three-point rock surface fracturing index was defined ranging from nearly smooth outcrops with ledges and cracks < 0.3 m wide designated ' ', to highly fractured and angular outcrops with ledges and cracks > 0.3 m wide designated '3'. Horizontal and vertical distance to the nearest landform or vegetation higher than the plot were estimated in four directions from the plot center (towards, opposite and perpendicular to the direction of maximum exposure Outcrop area was classified from measurements on orthophoto quadrangle maps as: 1 = not visible; 2 = visible and < 0.25 ha; 3 = 0.25-1.0 ha; 4 = 1-9 ha; 5 = 9-25 ha, 6 = > 25 ha.
Site parameters measured on I -m2 subplots
Percent slope, topographic position index, distance and height to protecting landforms or vegetation, and maximum vegetation height were determined for each 1 -m2 subplot. Average soil depth was calculated based on 16 measurements taken on a grid within each subplot using a graduated steel pin. Percent sky obstructed by rock ledges or vegetation was measured using a spherical densiometer (Lemmon 1956 ). Percent cover of lichens, mosses, rock and bare soil were estimated visually. Potential water sources were recorded (perennial seepage, drip or runoff from above, direct precipitation).
In each subplot, soil samples were collected from the top 10 cm of soil below the litter layer. Soils were airdried, sieved and analyzed for pH, percent organic matter and available potassium, calcium, magnesium, phosphorus, sulfate, sodium, copper, boron, iron, manganese, aluminum, and zinc (Mehlich 3 extractant, Mehlich 1984; Brookside Laboratory Association, Inc., New Knoxville, OH). Percent organic matter was determined by loss-on-ignition, and moisture holding capacity as water held in fully saturated soil as a percent of dry weight. Soil parameter values were averaged across component 1-m2 subplots to provide a representative value for each 100-m2 plot.
Data analysis

Calculated site parameters and indices
Principal Components Analysis (PCA) on plot longitude and latitude was used to determine relative position on the long (NE -SW) axis of the mountains, and relative position on the shorter (SE -NW) axis of the mountains.
Potential solar beam irradiation was calculated based on slope, aspect and latitude (Frank & Lee 1966) . Aspect was transformed into a linear variable (Beers et al. 1966) where the optimal aspect for growth of a given species or vegetation type (Amax) was assigned the maximum value of 2.00, and the opposite direction was assigned a value of 0.00. Aspects were calculated as 
where ER = elevation of structures higher than the plot; EP = plot elevation; D = distance from plot to the higher structure, averaged over observations made at four 90? intervals with one being in the direction of the plot's maximum downward slope. If the plot was located on a rockface whose slope extended above the plot, that rockface was assumed to protect the plot on its surface from exposure in that direction. Because exposure is not linearly related to the height and distance of protecting structures, we calculated a second index (P. Robinson, UNC Geography Dept., pers. comm.). Exposure in each of the four 90? intervals examined was defined as '1' (totally protected) when the height of neighboring landforms or vegetation was greater than 10 times the distance to the plot, as '5' (totally exposed) when their height was less than 0.1 times the distance to the plot, or '3' when they were intermediate in height relative to distance to the plot. Scores were averaged to produce a plot exposure index ranging from 1 (fully protected) to 5 (fully exposed).
To satisfy normality assumptions of some statistical analyses, water holding capacity, manganese, copper, zinc, organic matter, calcium, phosphorous, magnesium, sodium and sulfate were log-transformed, and iron and potassium were square-root transformed (100-m2 plots). For 1-m2 subplots the transformations were identical, except that iron was not transformed and boron was log-transformed.
To reduce collinearity and facilitate interpretation of (Dunteman 1989 ). The first five PCA axes account for 76.6 % of the soil nutrient variation among 100-m2 plots and 73.8 % of the variation in soil nutrients among 1-m2 subplots (Table 2) . Axis names derive from the soil parameter with the highest loadings on that axis.
Classification and ordination
To first examine compositional variation, TWIN-SPAN (Hill 1979 , see review in Kent & Ballard 1988) was used to classify the outcrop vegetation data from the 100-m2 plots into communities. The program was run using default options, except that pseudospecies cut levels (sensu Hill 1979) used were 5 % and 50 % cover. As TWINSPAN requires splits at each iteration and distance down the hierarchy is not related to group homogeneity, we chose final division levels to maximize interpretability of communities in terms of major environmental and geographic gradients. To assure the robustness of the resultant classification, we devised a second classification using S0rensen's similarity coefficient with the group average linkage cluster analysis algorithm. This produced nearly identical results to the TWINSPAN analysis. Constancy (i.e. percent of plots of a community with species present) and mean cover in plots of occurrence were calculated for both prevalent species (i.e. those n species with the highest constancy, where n equals the mean species richness for the community; see Curtis Vegetation-environment relationships were examined using Detrended Correspondence Analysis (DCA), Canonical Correspondence Analysis (CCA), partial DCA and partial CCA. All runs of DCA used detrending by segments and non-linear rescaling as advocated by Knox (1989) . Correlations between environmental variables and ordination axes were assessed using Pearson's correlation coefficient. CCA adds the constraint that ordination axes must be linear combinations of measured environmental variables (ter Braak 1987 (ter Braak , 1988 . DCA and CCA eigenvalues provide a measure of the amount of variation in the species data accounted for by each axis; the total inertia (eigenvalues summed across all axes) indicates the total variance in the species data accounted for by the ordination. With CCA, the sum of canonical eigenvalues indicates the amount of variation explained by the site parameters supplied (ter Braak 1988) . Monte Carlo permutations were applied to CCA analyses to determine if the strength of species sorting along the environmental variables was greater than would be expected by chance (ter Braak 1988; Crowley 1992 ).
Interpretation of compositional variation among 1-m2 subplots may be complicated by overall 100-m2 plot differences. Ter Braak (1986) suggested using partial ordination, a technique allowing designated variables to be treated as covariables, to analyze nested data. Variation in the species by site matrix accounted for by covariables is subtracted from the data before extraction of ordination axes, thereby allowing examination of strictly small-scale variation. Partial DCA of the 1-m2 data, with scores on DCA axes 1 -4 for the 100-m2 plot to which the 1-m2 subplot belonged as covariables, allowed analysis of subplot-scale variation and its relationship to environmental variation measured at this scale.
An approach analogous to that of Borcard et al. (1992) was used to quantify species patterns that reflect differences among microhabitats from those reflecting site differences. Toward this end, four analyses were made of the 1-m2 subplot data. First, two separate CCA analyses were conducted. CCA analysis 1 was constrained by DCA scores for the 100-m2 plots, and thus represents the variation contained in the 100-m2 plots where some is specific to the 100-m2 scale and some is shared with the 1-m2 scale owing to spatial autocorrelation. CCA analysis 2 was constrained by site parameters measured on 1-m2 subplots, and thus represents the variation attributable to environmental data collected at the 1-m2 scale, some of which is specific to the 1-m2 scale and some of which is shared with the 100-m2 scale owing to spatial autocorrelation. Next, two partial CCA ordinations were conducted. Analysis 3 used DCA scores for the 100-m2 plots as covariables and constrained remaining variation by measured site parameters, with the result that this analysis is influenced only by information exclusively present at the 1-m2 level. Analysis 4 used site parameters as covariables and constrained the CCA by 100-m2 DCA scores, with the result that the analysis is influenced only by information exclusively present at the 100-m2 level. The percent of the total variation of species data accounted for by each analysis is obtained by dividing the sum of the canonical eigenvalues by the total inertia and multiplying by 100. By adding this value for analyses 1 and 3 or for 2 and 4, the total amount of explained variation in the data is obtained. This can be partitioned as: (a) that accounted for by differences among 100-m2 plots only 'Stepwise' CCA selected from five to nine microenvironmental variables in the analyses partitioned by bedrock type and 19 microenvironmental variables for the complete data set. All the selected microenvironmental parameters were retained as the primary goal was to determine the maximum amount of variation they could explain (cf. 0kland & Eilertsen 1994).
To determine if environmental gradients influencing vegetation were the same on different bedrock types and if patterns varied with geographic extent, the datasets were partitioned by bedrock type (see Peet 1981) . Plots and subplots having seepage were deleted from this portion of the analysis as seepage influenced both soils and vegetation, but occurred inconsistently across bedrock types. At least 10 100-m2 plots and 30 1-m2 subplots remained in six of the bedrock types. These six included two mafic (amphibolite and metagabbro), one intermediate (meta-arkose) and three felsic types (metagraywacke, Anakeesta slate, Whiteside quartz-diorite).
CCA was also used to compare abilities of the two exposure indices to explain variation in compositional data (see Reed et al. 1993) . Two analyses were conducted, each constrained by one exposure index. For both plot sizes, the second exposure index explained more of the variation in the species data, and consequently was used in all analyses.
DCA and CCA ordinations and Monte Carlo tests were performed using the computer package CANOCO (version 3.10, ter Braak 1990). Ordination biplots were produced using SYGRAPH (version 5.0, Wilkinson 1990). TWINSPAN and cluster analysis were performed using the computer package PC-RECCE (Hall 1992 Table 3 ). Although the TWINSPAN divisions partly reflect geographic position, local site factors also strongly influence composition. Within each locality (Fig. 1) , this resulted in delineation of 2 to 5 communities. Only one community is restricted to a single locality and no one community occurs on all.
The first TWINSPAN dichotomy differentiated vegetation types according to elevation (Figs. 2 -4) . Among higher elevation communities, further divisions correspond to additional partitioning by elevation, geography, geology and presence of abundant seepage (Fig. 2) . Among lower elevation communities, further divisions distinguish communities that differ in geography or bedrock type. Highest species richness (37 -43 species per 100-m2 plot) occurred in communities on mafic bedrock at 1320 -1360 m. The two communities with the lowest species richness occur at the highest elevations (Table 3) 
Community characterization
Community names employed below derive from two species that have constancy greater than 55 % which distinguish the community by either their presence or high constancy.
Carex misera, Saxifraga michauxii and Vaccinium corymbosum have high constancy and occur in all community types, which may be explained by their ability to readily invade disturbed outcrops. Scirpus cespitosus, Sorbus americana, Rhododendron catawbiense, Polypodium appalachianum and Agrostis perennans each occur in eight of the nine communities.
The Coreopsis major-Schizachyrium scoparium outcrop community occurs at low-to-mid elevations (1250-1700 m) on mafic rock, or felsic rock with perennial seepage. Soils have higher pH, magnesium and manganese than do those from other outcrop communities. Saxifraga michauxii, Quercus rubra, Dichanthelium acuminatum, Kalmia latifolia, Danthonia spicata and Paronychia argycoma have high constancy. When present on outcrops, Allium cernuum, and the regionally rare Muhlenbergia glomerata and Heuchera longiflora, occur only in this community (Table 3) . Surrounding vegetation is predominantly deciduous forest with Q. rubra, Acer rubrum and Tsuga caroliniana. On steeper slopes and at slightly higher elevations on the same peaks, this community is replaced by the Paronychia argycomaPolypodium appalachianum community (see below).
The Selaginella tortipila-Carex umbellata outcrop community usually occurs below 1600 m on felsic bedrock and is primarily confined to the southern part of the study area. It predominates on Whiteside quartz-diorite outcrops, locally referred to as 'granite domes'. These smooth, south-facing outcrops with shallow slopes (x = 26?) are typically dominated by Selaginella tortipila mats, comprising 20 to 100 % of the total cover. Soils tend to be lower in major cations and micronutrients than those of the other communities. Mid-summer drought stress is marked. Krigia montana, Dichanthelium acuminatum, and Houstonia longifolia var. glabra reach their highest constancy here. On the outcrops studied, the regionally rare Juniperus communis var. depressa occurs only in this community. Surrounding vegetation is predominantly deciduous forest with Quercus rubra, Q. prinus, Q. alba, Pinus rigida, P. strobus and Acer rubrum dominant, and an understory of ericaceous shrubs including Rhododendron spp., Kalmia latifolia, Vaccinium spp. This community occurs less commonly north of the Black Mts. (Fig. 5, below) owing to the scarcity of smooth, flat outcrops on relatively lowelevation ridgetops.
The Aronia arbutifolia-Kalmia latifolia outcrop community occurs on shallow slopes (x = 27?) over felsic bedrock at low-to-mid elevations (1200-1700 m The Chelone obliqua-Oxypolis rigidior wet outcrop community is a species-rich, broad-leaved herb community occurring on low-to-mid elevation (1262-1725 m) felsic outcrops with abundant seepage. It occurs on steep, lower outcrop slopes, far below the nearest summit. Sites are highly protected, shady and constantly wet. Saxifraga michauxii, Aster divaricatus, and Houstonia serpyllifolia are ubiquitous. On outcrops, Chelone obliqua, Filipendula rubra and Huperzia porophila are unique to this community, the latter two being regionally rare. The surrounding deciduous forest is dominated by Betula alleghaniensis, Acer rubrum, and Tsuga caroliniana, or Picea-Abies forest.
The Paronychia argycoma-Polypodium appalachianum outcrop community usually occurs at mid elevations (1347 -1585 m) on highly exposed, SW to-NW-facing slopes, primarily over amphibolite and metabasalt, both mafic rock types (Fig. 6, below) Table 4 .
Comparison to previous classifications
The only previous classification of Southern Appalachian high-elevation outcrop vegetation is that of Schafale & Weakley (1990) based exclusively on subjective field evaluation. They distinguished granite dome communities (on Whiteside quartz-diorite outcrops) and high-elevation seep communities from other high-elevation cliff communities, termed high-elevation rocky summits. We similarly recognize granite dome communities (Selaginella tortipila-Carex umbellata community) and one type of seepage community (Chelone obliqua-Oxypolis rigidior community) as distinct. Schafale & Weakley pointed out that high-elevation seeps vary considerably in composition. We distribute seepage slopes across several different communities because of strong floristic similarity to nearby outcrop sites lacking seepage. Schafale & Weakley defined three geographic variants of high-elevation rocky summits. In contrast, our floristicbased classification correlates more strongly with differences in elevation, bedrock type, and surrounding vegetation composition than with geography.
Rare species
In comparison to other Southern Appalachian vegetation types, high-elevation outcrops harbor high numbers of regionally rare species (Table 3) 
Soil properties
The outcrop soils were highly organic with low pH ( x organic matter content = 31%, x pH = 4.1). That pH has low loadings until the fourth PCA axis suggests that pH is not a strong indicator of soil nutrient status in these soils. The positive correlation between pH and aluminum Haasis 1931) . Soils from 100-m2 plots with seepage have higher water holding capacity, pH, and sodium and lower sulfate than do those lacking seepage (all p < 0.01 by t-tests).
Over a 100-m2 plot, seepage presence is rarely, if ever, uniform. In 100-m2 plots with seepage, individual 1-m2 subplots with seepage tend to have steeper slopes (x = 42? vs. 34?; p = 0.007 by a t-test), higher pH, sodium, manganese, and lower phosphorus than do nonseepage microhabitats (all p < 0.01 by t-tests). These differences are probably a consequence of transport of cations leached from higher rocks and soils.
On 100-m2 plots lacking seepage, significant, but small soil differences are apparent on mafic (43 plots) vs. felsic rock (55 plots). Boron, copper and phosphorus are higher, and sodium is lower in soils over mafic rock than in those over felsic rock (all p < 0.01 by a t-test, Fig. 4) . Similar patterns emerge for 1-m2 subplots.
As soil pH and cations are usually elevated in soils over mafic rock elsewhere, the lack of strong differences between mafic and felsic bedrock in magnesium, manganese and pH and only small differences in calcium are surprising. Nonetheless, nine of the 12 plots with the highest loadings on the cations axis occur on mafic rock or on rock with occasional mafic veins; the remaining three plots high in cations are on seepage slopes over felsic rock. Soils formed over metabasalt, a mafic rock, may differ in nutrients with slope position (Rohrer 1983 ). Non-ridgetop soils retain moisture and nutrients and have high relative amounts of phosphorus, potassium, calcium, magnesium and manganese, whereas ridgetop soils are thin, moisture quickly evaporates, and downslope leaching results in only intermediate levels of these nutrients (Rohrer 1983 ). Table 3.   4  5  6 Scale and relationships between composition and environment Across the Southern Appalachian region, the environmental variables that correlate with floristic composition of the 100-m2 plots are many and their patterns complex (Fig. 4, Table 4) ; similar DCA eigenvalues across the first three axes suggest highly multidimensional data. The first DCA axis correlates most strongly with elevation and fracture index and moderately with potential solar radiation, aspect and SE-NW location (Fig. 4, Table 4 ). These correlations suggest that this DCA axis corresponds to a complex temperature-moisture gradient from hot, dry sites to cool, moist ones. DCA axis 2 correlates strongly with mafic vs. felsic bedrock and SW-NE location, and moderately with the iron and sulfate soil axes (Fig. 4, Table 4 ). Mafic bedrock predominates in the northeast portion of the study area and diminishes in prominence to the southwest.
Within each bedrock type except Whiteside quartz diorite, vegetation relates strongly to elevation (Table 4) with the strength of this relationship corresponding to the elevation span sampled. When this span is low (<500 m, i.e. amphibolite, metagabbro, Anakeesta slate), the dominant vegetation gradient relates more strongly to potential solar radiation. The relationship between vegetation composition and soil attributes varies among bedrock types. However, the importance of some soil variables may be a consequence of long gradients or extreme values for the particular nutrient. In particular, the significance of the pH and cations axes on amphibolite and the sulfate axis on meta-arkose may result from long gradients, whereas extreme soil values may be important in the case of the sulfate axis on metagabbro. Other parameters strongly correlated with 100-m2 scale composition on individual bedrock types are slope (amphibolite and metagabbro), exposure (Anakeesta slate), fracturing index (metagraywacke and Whiteside quartz diorite), and percent rock, outcrop height and area, and aspect (metagraywacke) ( Table 4) .
For 1-m2 subplots on metagabbro, meta-arkose, Anakeesta slate, and metagraywacke, DCA axis 1 scores correlate highly (Pearson's r > 0.80; p < 0.0001) with corresponding 100-m2 DCA axis 1 scores. In contrast, over amphibolite DCA axis 2 of the 1-m2 subplots surpasses axis 1 in correlation strength with 100-m2 plot DCA axis 1 scores (r = 0.73, p < 0.0001), revealing a primary compositional gradient at this scale distinct from that represented by variation among 100-m2 plots. Over Whiteside quartz diorite, gradient structure also differs for 1-m2 subplots as their scores are only moderately correlated (r < 0.53) with the respective 100-m2 plot scores.
After removal of the influence of 100 m2 variation, soil depth, percent exposed bedrock, maximum vegetation height and soil chemistry (cations, pH, and sulfate axes) are highly correlated with compositional variation among all 596 1-m2 subplots (Table 4) . As expected, Among 1-m2 subplots on individual bedrock types, the soil depth gradient is strongly correlated with compositional variation over amphibolite, meta-arkose, metagraywacke and Whiteside quartz diorite (Table 4 ). In contrast, over metagabbro maximum vegetation height and shade relate more strongly to composition than does soil depth, and over Anakeesta slate only the amount of bare soil present relates to composition.
Among 100-m2 plots on a bedrock type, total inertia is three to four times lower than for the entire data set, in part due to decreased sample sizes. Reducing geologic, and as a result geographic, variation in the data reduces dimensionality and thus total inertia. Measured site parameters account for 78 -93 % of compositional variation vs. 27 % at the larger geographic extent. For 1-m2 subplots, both across the region and within bedrock types, total inertia is two to three times greater than for 100-m2 plots. For subplots, site parameters account for less compositional variation and are more weakly correlated with the ordination axes. Across the study area, 4 % of the compositional variation among 1-m2 subplots is due to compositional differences among the 100-m2 plots to which they belong (Table 5) . Within each of the six bedrock types, variation among the 100-m2 plots accounts for 7 -10 % of the variation among 1-m2 subplots (Table 5 ). After partialling out the 100-m2 plot score, measured site parameters account for an additional 7 % of compositional variation among all 1-m2 subplots and from 14-23% of the remaining compositional variation within bedrock types. Across the study area, 87 % of the compositional variation among 1-m2 subplots is explained by neither 100-m2 plot scores or measured site parameters. Within bedrock types this decreases to 49 -74 %. Despite considerable environmental variation, particularly in geology and climate, there are consistent compositional patterns, both regionally and on most bedrock types. Elevation and potential solar radiation relate strongly to composition, both within and among bedrock types. The sulfate and iron PCA soil axes are both important across the region. Within bedrock types the former is important over bedrock types that ascend to higher elevations, whereas the latter is important on the two bedrock types occurring predominantly at lower elevations. The soil depth gradient is important across most bedrock types.
Discussion
On different bedrock types or on north vs. south slopes, 1-m2 subplots may differ because of these overall site contrasts as well as because of microhabitat differences. Among 100-m2 plots with similar site conditions, subplot differences due to microhabitat should become more apparent. Accordingly, within a bedrock type, variation among 100-m2 plots accounts for less of the variation among 1-m2 subplots than among bedrock types (Table 5) As insular habitats, outcrops are rare in the landscape and determination of general patterns between composition and environment may require study over a wide geographic range. However, study of vegetation Table 5 . Percentages of variation of species composition on 1-m2 subplots accounted for by (1) variation among 100-m2 plots, (2) site parameters measured for 1-m2 subplots, (3) variation shared between the two plot sizes. Based on partial CCA analyses. 
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